Objectives: In 2015, Malawi piloted the HIV diagnostic assistant (HDA), a cadre of lay health workers focused primarily on HIV testing services. Our objective is to measure the effect of HDA deployment on country-level HIV testing measures.
Introduction
The UNAIDS 90-90-90 targets call for 90% of all people living with HIV to know their status, 90% of people diagnosed with HIV to receive antiretroviral therapy (ART), and 90% of those on ART to be virally suppressed by 2020 [1] . In regions with a generalized epidemic, achieving these targets requires providing HIV testing services (HTS) frequently and reliably to large groups of individuals. Only by ensuring consistent and widespread access to HIV testing can the downstream outcomes in the HIV treatment cascade be realized.
This has been proven to be challenging in high-burden settings, where human resources are often limited. Of all the '90's,' the first 90 -the proportion of people living with HIV who know their status -has seen the slowest increase [2] . Although highly accurate point-of-care rapid tests are now widely available, testing still relies on the foundational elements of any health system -namely, adequate infrastructure and a pool of trained healthcare workers -that are often in short supply in countries bearing the heaviest burden [3, 4] .
Since the beginning of the HIV epidemic in sub-Saharan Africa, control efforts have been defined by shortages of healthcare workers [4] . This prompted innovative solutions through task-shifting of responsibilities -the delegation of medical responsibilities to health workers with less formal training. Examples of this include the provision of ART by nurses instead of doctors, and the deployment of lay counsellors to perform HIV testing and counselling. Task shifting has been a cornerstone in the success of the response to the HIVepidemic in sub-Saharan Africa [5, 6] .
Malawi, a country of 19 million in sub-Saharan Africa, has a strong track record of innovative task shifting. The use of lay counselors has been a cornerstone of this innovation and has allowed Malawi to rapidly and efficiently scale up HTS and ART services [7] [8] [9] . However, lay counselors often have other competing responsibilities, and many providers cite an inadequate number of trained counselors as a major barrier to testing more patients [10] . To further improve HTS, Malawi introduced the HIV diagnostic assistant (HDA), a specialized cadre that would focus on HIV diagnostic testing. By limiting the scope of responsibilities, the aim was to develop a cadre of health workers that could be rapidly trained and deployed, who would focus on HIV testing services without competing clinical demands.
There is no published evidence describing the impact of this cadre on HIV testing measures in Malawi. We aimed to explore whether HDA deployment has affected the trend and level of key HTS measures.
Methods Setting
Malawi is a resource-limited landlocked country of 19 million people in sub-Saharan Africa [11] . The HIV prevalence is 10.6%. Of HIV-positive adults, an estimated 73% know their status, and of these 87% report current ART use. Among those on ART, 91% are virally suppressed [12] .
HIV-related services in Malawi
The Malawi Ministry of Health (MOH) Department of HIV/AIDS (DHA) was established in 2001 and supports the provision of HIV testing services (HTS) at 761 facilities country-wide. Current guidelines recommend offering HIV testing to all adults attending health facilities for any reason, unless they were tested in the last 3 months or are already confirmed to be HIV-positive. Most tests are done at the point-of-care using whole blood obtained by fingerprick, following a serial testing algorithm using antibody-based tests (Determine 1/2 followed by UniGold, if positive). Testing falls into several categories: provider-initiated testing and counselling (PITC), an optout approach to testing in which a health provider (lay or professional) initiates testing in an individual; family referral slip (FRS) in which a client accesses HIV testing services after being invited by a family member or sexual contact who has previously undergone HIV testing; and voluntary testing and counselling, where individuals request testing.
Confirmatory testing is recommended prior to ART initiation using the same tests in parallel. Eligibility to receive ARTwas limited to the following conditions prior to August 2016: CD4 þ cell count 500 cells/ml or less or WHO clinical stage 3 or 4 condition; pregnant and breastfeeding women; children under 5 years of age. Expansion to universal treatment eligibility began gradually in August 2016. First-line treatment is a single fixeddose combination of efavirenz, tenofovir, and lamivudine.
Other services coordinated by DHA include early infant diagnosis and syphilis testing at antenatal clinic (ANC). Infants born to HIV-infected mothers are recommended to receive DNA-PCR testing by 2 months of age by dried blood spot (DBS). Samples are transported to central reference laboratories for analysis. Guidelines call for syphilis testing of all pregnant women presenting for ANC at least once during pregnancy, and is done by Determine syphilis rapid tests.
HIV diagnostic assistant deployment
Planning and deployment of HDAs was done by the DHA and other nongovernmental partners and was not part of a planned study. HDAs were recruited according to selection criteria outlined in the 2015 Malawi HIV Testing and Counseling Guidelines, including a minimum education level of a high-school degree equivalent, at least 18 years of age, 1-year working experience in Malawi. HDAs were required to complete 3 weeks of didactic training and 1 week of practical training. The 3 weeks of classroom theory cover a range of topics including HDA roles and responsibilities, essentials of HIV testing and counseling, patient confidentiality, and documentation. Practical training consists of a week of laboratory technician-supervised attachments to health facilities, with observations of HIV testing and counseling encounters by experienced providers as well as observations of trainees' provision of HIV testing and counseling, proficiency testing, and quality control sessions. HDAs are responsible for a range of activities in addition to provision of rapid HIV and syphilis tests. These additional duties include collection of blood samples for early infant diagnosis (EID) and viral load as well as sample tracking, delivery of results, documentation, supply chain monitoring, and quality assurance for rapid HIV and syphilis testing, EID, and viral load testing.
Deployment began in July 2015. HDAs are seconded to health facilities by nongovernmental organizations, with salary ranges recommended by DHA and MOH to align HDA salaries with those of other similar governmentsupported lay cadres. Performance is monitored by facility and district-level HTC supervisors in addition to DHAled quarterly supervisions.
Sites were prioritized for deployment by DHA through a participatory approach in consultation with implementing partners. Sites were prioritized according to the estimated potential to increase HTS and new ART initiations based on the performance during the preceding period and projected burden of HIV in the facility's catchment area. The number of HDAs deployed by site was determined through a consultative process with DHA based on a combination of factors: facility cohort size, gap to reaching facility HIV testing targets, the number of clinical service delivery points requiring access to HTS, and ensuring a minimum staffing level of two HDAs per facility. This resulted in the gradual deployment over a 1-year period of 2-10 HDAs per site. Overall, an estimated 1159 HDAs were deployed to 457 (60%) of 761 facilities across all districts of Malawi, resulting in approximately 6.4 HDAs per 100 000 population. Other than the shift to universal ART eligibility in August 2016, no major policy shifts occurred during the study period that would plausibly affect testing measures.
Data sources
Details of all adult HIV testing, including characteristics of the patient (age, sex) and test result (new negative, confirmatory positive, etc.), are recorded in dedicated paper registers at each site. ART, syphilis testing, and DNA-PCR testing are recorded in a similar fashion in corresponding dedicated registers. On a quarterly basis, the DHA performs site supervision during which data for the preceding quarter is aggregated and reported in publicly available datasets. Data concerning ART is aggregated by quarter, whereas all other measures are by month. For HIV testing, we excluded all testing not performed at the facility (e.g. community outreach or standalone testing sites) because the HDA cadre was conceptualized to be facility-based. This study did not require ethical approval.
On the basis of the terms of reference for the HDA position, we focused our analysis on several key measures that the cadre would plausibly affect: all HIV testing; other diagnostic testing (confirmatory HIV testing, syphilis testing at ANC, DNA-PCR for infants at age 2 months); and new ART initiations. We also evaluated yield of testing and the proportion of individuals who have previously been tested (defined as individuals who self-reported ever having been tested).
Empirical strategy
We used panel data containing sequential monthly information before compared with after HDA deployment. Our sample was divided into two distinct periods: before implementation (October 2013 to June 2015) and after (July 2015 to December 2017). This resulted in 51 monthly time points for all measures except ART initiations, for which data is aggregated quarterly, and 17 time points were available. Total testing measures were aggregated for all deployment sites. We used all available data, and as a result, data is not distributed equally before and after implementation.
We evaluated HDA deployment through single-group interrupted time series analysis (ITSA) using ordinary least-squares regression and Newey-West standard errors. ITSA is a quasi-experimental regression-based approach that allows assessment of an intervention's effect on both the level and trend of health system metrics, and accounts for preexisting trends [13] . This approach is termed interrupted time-series analysis as the intervention is expected to 'interrupt' the trend and/or level of the outcome variable. By analyzing the effect on the linear trend of the outcome variable, this approach can quantify a deflection that an intervention has on the slope of the outcome of interest. In this way, ITSA measures not only the immediate change in the outcome after implementation but also the more durable effect on long-term trends. In this article, a change in trend refers to the difference in slope associated with the intervention, whereas a change in level refers to a change in the absolute number of the outcome variable.
This approach was selected because of the increasing trend of most measures predeployment that could predispose to type I error with simple preintervention/ postintervention measures alone. Single-group analysis was chosen as it can estimate causality in the absence of an appropriate control group. A control group was not available in our study as the deliberate selection of sites for HDA deployment resulted in significant differences between deployment and nondeployment sites (data not shown).
Our hypothesis was that testing measures would experience a small increase in level followed by a gradual long-term improvement in testing trends as HDAs became integrated as facility staff and new HDAs were trained and deployed. We used the following equation for analysis:
where Y t is the monthly rate of each measure at time point t. T t is the time since the beginning of the study, and X t is a dummy binary variable for the intervention, such that X t ¼ 0 and X t ¼ 1 during predeployment and postdeployment periods, respectively. X t T t is an interaction term. b 0 is the level of the corresponding measure at the beginning of study period, b 1 is the predeployment slope, b 2 is the change in level immediately after deployment, and b 3 is the difference in trend after deployment. The postdeployment slope is equivalent to b 1 þ b 3 .
The trend of testing measures before implementation projected into the postintervention period represents the counterfactual outcome, had HDAs not been deployed. Finally, we estimated the total number of excess tests that occurred after the onset of HDA deployment by projecting the predeployment trend into the postdeployment period, and calculating the difference between these values and the fitted postdeployment regression. All calculations were done in Stata Special Edition version 14.2 (StataCorp, College Station, Texas, USA).
Results
We included all available data from 457 HDA sites that reported monthly facility-level data during the 51-month study period, resulting in 22 670 observations. The average number of sites reporting monthly data was higher in the postdeployment period (447 vs. 440, P < 0.0001). Most sites (94%, 431/457) were public facilities, the majority (60%, 273/457) were located in the Southern Region, and the mean catchment area population was 29 100 [95% confidence interval (CI) 26 600-31 600).
Among sites that reported data both before and after HDA deployment, 96% (436/452) of intervention sites experienced higher average monthly testing numbers in the postintervention period, a difference that was significant at 92% (399/436) of these sites. The number of patients tested monthly increased after the deployment across all sexes, age groups, and testing types (Fig. 1) . The trend for all patients increased by 3442 (P ¼ 0.001) with an immediate increase in level of 35 588 (P ¼ 0.031; Table  1 ). Of the estimated 7.4 million patients tested for HIV in the postdeployment period, 2.6 million of these (34%) were attributable to the intervention (Table 2) .
Testing trends among men and nonpregnant womenbut not pregnant women -increased significantly. Further analysis demonstrated that at the time of deployment, 91% of pregnant women attending ANC had their HIV status ascertained (data not shown). Among all patients tested during the postdeployment period, 36% of testing in men (0.9 million/2.6 million) and 49% in nonpregnant women (1.6 million/ 3.2 million) was attributable to HDA deployment.
Analysis by age category demonstrated that the 15-25 and over 25 age categories both experienced highly significant increases in testing trends. Testing among children less than 1 year and between 1 and 14 years exhibited significant increases in level (519 and 11 700, P ¼ 0.002 and P ¼ 0.024, respectively) but not trend. Subgroup analysis of type of testing demonstrated that PITC exhibited the largest and most significant increase in trend associated with deployment (3002, P < 0.0001) compared with family referral slip testing (FRS) and voluntary counselling and testing (VCT).
The trend of monthly new positives experienced an immediate increase of 2050 (P ¼ 0.011) and was sustained at this level throughout postdeployment period; no significant change in trend was observed (Fig. 2) . Of all new positive tests in the postdeployment period, approximately one in five (54 272/321 857, 17%) was attributable to the intervention. Both the trend and level of confirmatory testing experienced significant increases, and 64% (204 611/318 279) of all confirmatory testing in the postdeployment period was attributable to the intervention. The estimated proportion of new positives that received confirmatory testing increased significantly after deployment (28 vs. 98%, P < 0.0001). The yield of testing decreased, and the percentage of patients previously tested increased throughout the study period; neither of these measures were affected by deployment.
The trend of pregnant women tested for syphilis monthly at ANC clinic increased by 1349 (P < 0.0001), and the trend of those testing positive also increased by 11 (P < 0.0001; Fig. 3 ). Almost all (98%, 785 794/803 667) of syphilis testing in the postintervention period was attributable to HDA deployment. The number and proportion of infants receiving DNA-PCR testing at 2 months experienced trend increases, but visual inspection suggests there was a delay in this effect (Fig. 3) .
Regression of quarterly ART initiations was limited by fewer time points (ART data is reported quarterly, not monthly like HIV testing data) and significant dispersion of values. No significant predeployment or postdeployment trend was able to be calculated (P ¼ 0.768 and P ¼ 0.115, respectively); as a result, the effect of the deployment was not significant.
Discussion
To our knowledge, this is the first study examining the impact of the HDA cadre on HIV and other diagnostic testing. Our findings suggest that HDA deployment has led to significant gains in overall HIV testing, identification of new positives, confirmatory testing, syphilis testing at ANC, and DNA-PCR at 2 months for early infant diagnosis.
Among patients tested for HIV, men and nonpregnant women saw the most significant gains, whereas measures in pregnant women did not exhibit a significant increase. This likely reflects the excellent coverage already achieved at ANC clinic, as 91% of pregnant women had their HIV status ascertained when HDAs were deployed.
Although new positive tests did not exhibit a significant increase in trend, deployment was associated with an increase in level that was sustained throughout the postdeployment period. In other words, deployment led to higher numbers of new positive test results per month that was sustained throughout the postintervention period. This occurred despite a decrease in yield during the study period, from 8% in 2013 to 3% in 2017, and is likely a consequence of an increased amount of HIV testing. These findings highlight the challenges of a maturing HIV epidemic in Malawi, where considerable increases in total HIV testing is required to maintain a given rate of new positive diagnoses. with roughly one in four predeployment. Further, almost two-thirds of all confirmatory testing in the postdeployment period was attributable to the intervention.
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Some of the most impressive gains were made in testing of pregnant women for syphilis. Almost all syphilis testing in the postdeployment period was attributable to HDAs, and the change in trend was highly associated with HDA 1222 AIDS 2019, Vol 33 No 7 Fig. 3 . Syphilis testing at ANC and DNA-PCR testing for exposed infants. deployment (P < 0.0001). This notable increase in testing led to a significant increase in the number of syphilispositive clients identified at ANC clinic, and for the first time the reported proportion of positive syphilis results is close to that projected based on surveillance data [14] . HIV testing coverage at ANC was already very high prior to HDA deployment, and syphilis testing is supposed to be done at the same time HIV testing is conducted. However, there is a very large volume of HIV tests that need to be performed at ANC. Previously with limited human resources, perhaps syphilis testing was cut out, and this was ameliorated by the infusion of HDAs throughout the health system.
Both the number and percentage of exposed infants receiving DNA-PCR testing at 2 months of age were highly associated with HDA deployment. However, visual inspection of the data suggests that there was a time lag before these gains were fully appreciated. It is unclear whether this reflects a delayed effect of HDA deployment, or a confounder that we were unable to measure.
Our study has several important limitations. The lack of an appropriate control group because of the nature of implementation introduces a level of uncertainty into our results. We considered using nonintervention sites as controls, however, the nonrandom distribution of HDAs caused these sites to differ substantially from intervention sites to an intolerable extent. The use of single-group ITSA introduces the possibility that other unmeasured events may influence trends. Further, this approach is limited when data is over-dispersed and fewer time points are available. These limitations are highlighted by our attempted analysis of ART initiations. As this particular measure is reported on a quarterly basis, the smaller number of time points significantly limited analysis. Further, the high level of dispersion, and several significant positive outliers (likely reflecting the change to universal ART eligibility) precluded drawing any conclusions from this data.
However, we feel that our utilization of ITSA, while imperfect, represents the most pragmatic and precise approach to measuring the impact of a large, countrywide public health intervention; indeed, this approach is increasingly being used in similar settings and is gaining recognition as an appropriate methodology [15, 16] . Future work should include evaluation and accounting of costs that would help determine sustainability and generalizability to other African settings, questions that are outside the scope of the current study.
Conclusion
Deployment of HDAs was highly associated with significant gains in HIV testing and other diagnostic testing, and is a promising approach to increase testing coverage in pursuit of the UNAIDS 90-90-90 targets.
